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[57] ABSTRACT 

A catalytic decomposition sodium chlorate Chemical oxygen 
candle can be used for self rescue in oxygen deficiency 
environment, especially suitable as a initiation device in 
chemical oxygen self rescue devices. The Oxygen candle has 
a major component sodium chlorate and appropriate catalysts, 
additives and excipients. The oxygen candle can be ignited 
using a percussion primer and sustain the burning and evolve 
high purity oxygen. It has high oxygen generation rate and 
very low total heat release. 
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Claims 



1. A chemical oxygen candle with sodium chlorate as main 
oxygen source. It can be used to supply oxygen for self 
rescue. The chemical oxygen candle is comprised of ignition 
pellet, flash layer and candle body. 

2. The said chemical oxygen candle in claim 1 is comprised 
(weight percentage) NaCl0 3 81-96, Mg 0-5.0, Co 2 0 3 2.0-7.0, 
MnC>2 0-5.0, Li202 1.0-6.5, and Gaoling 1.0-8.0. 

3. The flash layer of the said chemical oxygen candle in 
claim 1 is comprised of NaClC>3 70-90, Mg 1-10, C02O3 0-7, 
B2O3 0-6, Li20 2 1-7, and Gaoling 1-10. 

4. The said chemical oxygen candle in claim 1 is consisted 
of a percussion primer, ignition pellet, flash layer and 
candle body* The primer ignites the ignition pellet, the 
ignition pellet ignites the flash layer and then the candle 
body. The candle body then self -sustains the decomposition 
and evolves high purity oxygen for breathing. 

5. The said chemical oxygen candle in claim 1 is catalytic 
decomposition type, which . requires little or no fuel. Once 
ignited, the candle can self -sustain the decomposition and 
evolve breathable oxygen. 

6. The said candle in claim 1 is characterized by the fact 
that. the oxygen evolution rate can be regulated by 
catalysts, additives, and/or excipients. 
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DESCRIPTION 

This invention is related to a chemical oxygen 
generaor, which can be used as an initiator for chemical 
oxygen self rescue devices. 

Chemical oxygen generator, sodium chlorate candle, has 
been known for a long time. A number of patents were 
granted abroad during the 60 's and 70 's. In addition to the 
major component NaCl0 3 , the oxygen candles contained fuel 
and other additives. The fuel was iron powder, manganese 
powder or carbon powder. Ba0 2 and Mn0 2 etc were also added 
as chlorine adsorbent and binder. Glass fiber and steel 
wool were also used to increase strength of the candles. 
One can expect this kind of candle will have high operation 
temperature. In 1972, US Patent No. 3702305 described the 
use of peroxide additive to catalyze the decomposition and 
significantly brought down the decomposition temperature. 
But adding highly hygroscopic Na20 or Na 2 o 2 can cause a lot 
of inconvenience for fabrication, manufacture and storage. 
In 1978, US Patent 4073741 described CoO or C03O4 catalyzed 
NaC103 oxygen candle. The candle contained a small amount 
of NaC10 4/ .and used little or no fuel at all. The Burning 
temperature of the candle, was .lowered to. below the melting 
temperature of NaCl03. The most preferred composition of 
the oxygen generator is (percentage weight): 96 NaCl0 3 , 0- - 
0.5 NaCl04, 1.5 CoO, 0-4 Ba0 2 , and 0-1 ceramic fiber. It 
was described that adding certain porosity aluminosilicate 
ceramic fiber can modify catalytic decomposition. The Ba0 2 
added can both release oxygen and adsorb chlorine. In 
addition a small amount of fiber glass was also used to 
increase the strength of the candle. Winfried, K.R. et al 
pointed out that transition metal oxides, especially some p-> 
type oxides have active catalytic effect for sodium chlorate 
decomposition. Therefore, it is possible to reduce fuel 
loading and make NaC103 evolve oxygen at lower temperature 
(J. Phys. Chem., 74, 3317(1970)). But it is hard to get 
high purity chemicals such as Mn0 2 and Fe 2 03. Increase 
loading of these oxides can also cause the oxygen generated 
to contain relatively high concentration of chlorine. When 
used as binder or excipient, steel wool and fiber glass 
segregates and results in problems for fabrication and 
pressing of the candles. Loading of steel wool often 
results in contamination of CO and C0 2 . Loading of Ba0 2 as 
Cl 2 suppressant can cause slow ignition. Due to the 
problems in design and formulation in the prior techniques, 
there is a laggard in oxygen evolution, that is, there is 
little or no oxygen is released in several seconds after 
initiation. This invention is to overcome the problems in 
the prior techniques . A quick initiation, no laggard in 
oxygen release, high rate and smooth oxygen evolution candle 
is invented. The candle has a total oxygen production- of 6 
liters and a duration of approximately 1 minute. The 
surface temperature of the generator is lower than 250°C. A 
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catalyzed decomposition type chemical oxygen candle 
formulation is invented. It contains little or no fuel and 
thus with low heat release, which results in lower candle 
temperature . 

Figure 1 is the fabrication diagram of the said oxygen 
candle. It is comprised of ignition pellet 3, flash layer 
4, and candle body 5. At the bottom of the candle body 
there is a fiber glass pad 8. Filter chamber 9 contains 
granular Na2<32 and hopcalite. At the bottom of the filter 
chamber is lock washer 10. On the top of generator house 
can 6 is percussion primer 1 and primer striker 13. At the 
bottom of the can are washer 11 and gas outlet 12. On the 
top of candle body is fiber glass pad 2 which is used as 
thermal insulator and to prevent splash. Supporter 7 is 
used to secure the candle inside of the can. There is a gap 
between the candle core and the can for oxygen to flow out. 
When the primer is stricken, the ignition pellet is ignited. 
The ignition pellet ignites the flash layer and the flash 
layer ignites the candle body. The burning front proceeds 
along the candle body until completion. The oxygen 
generated flows out in the reversed direction of the burning 
front movement, which can help to warm up the unburned part 
of the candle and -lower the. outlet oxygen temperature. The 
three step ignition design warrants fast initiation and 
smooth oxygen evolution. 

The key points of this invention are candle design and 
chemical formulation. The major component of the candle is 
NaCK>3. We found that C02O3 or mixture of C02O3 and Mn02 
are good catalysts for NaC103 decomposition. A suitable 
amount of the catalyst can bring down the decomposition 
temperature of NaC10|j below 260°C and thus greatly reduce 
the ratio of fuel loading (even reduce to 0% fuel) . The 
oxygen generated also has high purity. The clay type 
minerals, especially Kaolin and zeolite etc. , as excipients 
can also bring down the decomposition temperature of NaC103. 
But their main function is as a binder. The excipients can 
increase integrity of the candle core, keep the core from 
melting and flowing away, and thus result in smooth burning. 
Loading of these inert materials can also make the candle 
bum at lower rates. Therefore, the rate of oxygen 
evolution can be modified by using different ratio of the 
catalysts, additives and/or excipients. 

Li202 is used in place of the popularly candle 
component Ba02 as a chlorine suppressant and oxygen source 
in the candle invented. We found that NaClo 3 candle 
containing Li202 is much better than candle containing Ba02 
in ignition and burning and thus improve the performance of 
the candle. The flash layer is rich in fuel and burns, fast, 
which provides high initial oxygen evolution rate and .supply 
sufficient heat to warm up and ignites the candle body. In 
order to keep the candle core from contacting with the house 
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can and making the outside surface too hot, a shrinking 
agent B2O3 can be added to the flashing layer, which can 
make the burn residue shrink. The candle body can contain 
little or no fuel. Addition of a small amount of 
electrolytic Mn02 can also provide high purity for the 
oxygen evolved. 

The said flash layer in this invention can have 
composition as follow (weight %) 

NaCl0 3 
Mg 
- B 2 0 3 
C02O3 

Li2°2 
Kaolin 

The candle body in this invention has composition as 
follow (weight %) 
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The oxygen candle in this invention is a NaC10 3 
catalyzed decomposition type. Little or no fuel is needed 
and the candle can self-sustain burning and generate high 
purity oxygen. The heat release is low and the maximum 
temperature of the candle house -can is lower than 250°C. 
The amount of oxygen can be generated is: first 30 seconds » 
after initiation > 2 liters; first 50 seconds > 4 liters, 
and th total oxygen generation > 6 liters. 

The component chemicals for the flash layer and candle 
body are weighed and mixed to uniformity separately. The 
mixtures are then poured into a mold and pressed into a 
candle core. It is advantageous to press the flashing layer 
on top of the candle body. A hollow is made on. top of the 
flash layer to hold the ignition pellet. 

EXAMPLE I 

Flash layer composition (weight %, same hereafter): 79 
NaC10 3 , 5 Mg, 5 Co 2 0 3/ 5 Li 2 0 2 and 6 kaolin; 

Candle body composition: 84 NaC10 3 , 2 Mg, 5 CO20 3 , 3.5 
Li 2 02 and 4.5 kaolin. 

The chemicals of the flashing layer and candle body 
were dried and mixed separately and then poured into a mold 
and pressed into a cylindrical candle core with a length of 
18 mm and a diameter of 30 mm. The pressure is 1.2T/ca . 
The candle was then fabricated. A ceramic disc or a fiber 
glass pad was put on the top of the ignition pellet, which 
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was used as heat insulator and to prevent splashing. The 
candle core was secured inside of the house can. The 
filtering chamber was filled with granular Na202- A fiber 
glass pad and a spring were used on the top of the chamber. 
The end cap was then welded. After the burning , the oxygen 
yield of the candle was calculated as 39% based on weight 
change . 

EXAMPLE II 

Flash layer: 83 NaC10 3/ l Mg, 7 Co 2 0 3/ 4 Li 2 0 2 , and 5 
kaolin; candle body: 90 NaC10 3 , 1.5 Mg, 4.5 C02O3, 1.5 
Li20 2/ 2.5 kaolin. The chemicals were dried and mixed and 
then pressed into candle core. The pressure was 1.5T/cm 2 . 
The core had a bulk density of 2.0g/cm 3 . The cnadle was 
fabricated in the same procedure as described in example I. 
The oxygen yield was calculated as 41% based on weight 
change . 

EXAMPLE III 

Flash layer: 76 NaC10 3 , 6 Mg, 5 C02O3 , 3 B 2 o 3 , 4 Li 2 0 2 
and 6 kaolin; candle body: 91 NaC10 3/ 1 Mg, 5 C020 3 , l 
Li202, and 2 kaolin. The pressing and fabrication procedure 
were the same as described in example II. The oxygen yield 
was calculated ~as~41% based- on weight change. 

EXAMPLE IV 

Flash layer: same as in example I; candle body: 91.5 
NaC10 3 , 0.5 Mg, 5 Co 2 0 3 , 1 Li 2 o 2 , and 2 kaolin. The candle 
core was pressed and fabricated as described in example II. 
The oxygen yield was calculated as 41%. 

EXAMPLE V 

Flash layer: same as in example III; candle body: 92 
NaCl0 3 , 0 Mg, 6 Co 2 0 3 , 1 Li 2 0 2 , and 1 kaolin. The candle 
core was pressed and fabricated as described in example II. 
Oxygen yield was calculated as 41%. 

EXAMPLE VI 

Flash layer: 77 NaC10 3 , 8 Mg, 4 B 2 0 3 , 5 Li 2 02, and 6 
kaolin; candle body: 89 NaC10 3 , 1 Mg, 3 C020 3 , 2 Mn0 2/ 2 
L i.2°2» and 3 kaolin. The candle core was pressed and 
fabricated as described in example I. The ratio of oxygen 
weight/candle weight was calculated as 41% based on weight 
difference before and after burning. 

EXAMPLE VII 

Flash layer was the same as in example VI; candle body: 
86 NaC10 3 , 1 Mg, 3 Co 2 0 3 , 2 Mn0 2 , 3 Li 2 0 2 , and 5 kaolin. 
The candle core was pressed and fabricated as described in 
example I. The ratio of oxygen weight to candle weight was 
calculated as >4 0% based on weight difference before and 
after the burning. _ 
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